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homogeneous elastic medium
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The state of stress for each grain is controlled by its crystallographic orientation and 
the critical resolved shear stress (CRSS) of its slip systems
Slip planes
Turner & Tome (1994)
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Hardening of slip systems:
The model uses an extended Voce hardening law of the form:
In this equation for threshold stress for slip, the value generally 
increases with progressive deformation. The initial values of the 
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accounts for the strengthening of the material through 
deformation.
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 The Elastic Plastic Self Consistent (EPSC) model is a computer simulation of 
Thermo-mechanical deformation of a polycrystalline aggregate. It uses parameters 
loaded by the user to predict developing internal stresses in the polycrystal throughout 
the elastic-plastic regime at predefined incremental steps of stress and strain.  This is 
accomplished by using the properties of the material being simulated such as: thermal 
properties, elastic properties, anisotropy of single crystals and hardening of slip systems.  
Using the information provided by the model and comparing it to X-ray diffraction 
experimental data gathered from deforming  fayalite we can achieve a better 
understanding of upper mantle deformation.
Data Comparison 
Future Work
  The EPSC model allows us to assign a weighted percent to different grain orientations.  These changes 
will affect which slip systems are more dominant during deformation  and hopefully will allow a more 
accurate model of the real crystal experiments performed at the synchrotron.
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model. This is accomplished through determining the axial plane orientation of the kinks and 
correlating that information to twinning parameters in the model. 
Twiss et al, 2007
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Experimental Method
 
 
From Wang et. al. 2004
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Compression
 Diffracted x-rays are collected on an array of ten 
detectors at various angles to compression 
direction. The most pertinent detectors are those 
located in the compression and transverse 
directions. This data is continuously collected 
through deformation and measures lattice strain. 
Along with radiographs acquired at certain time in-
tervals that are used to determine macroscopic 
sample strain, a collective picture of deformation 
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 Diffraction peaks, which represent lattice 
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Fayalite 37 detector 9 over time
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Slip Systems
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  By graphing lattice plane strain of each 
DPNCJOBUJPOPGUIFTFTMJQTZTUFNTBOJNBHF
of how each plane is strained at maximum 
TUSFTTDBOCFFTUBCMJTIFE5IJTDBOCFVTFEUP
determine which grains are more active in the 
deformation process within the EPSC model. 
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used for a quick comparison  with the fayalite 
experimental data to determine which of 
these 8 slip systems are more active in the real 
world experiments.
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model and the fayalite data shows the 
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data sets.  After it  is determined what slip 
systems matches the data the closest, mul-
tiple runs of the model are completed 
using variations of the hardening 
parameters to attempt to even closer
match the data. In general all of the EPSC 
models have a strong  elastic tendency 
compared to the fayalite data, the plastic 
component of the EPSC deformation 
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completely parallel real deformation.   
